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Abstract 



Context. An R Coronae Borealis (RCB) star is a rare type of supergiant star that is increasingly suspected to be the evolved merger 

product of two white dwarfs. Lately, many RGBs have been found distributed in a thin disk structure embedded inside the Galactic 

bulge. This unexpectedly high density may provide additional insight into the nature and age of RCB stars. 

Aims. We apply and test a new technique to find RCB stars based on their particular infrared emission due to circumstellar shell. We 

attempt to demonstrate that RCB stars can be identified without performing a light curve analysis, which would simplified the search 

outside optically monitored fields. 

Methods. We selected RCB candidates based on their near-infrared excess and on their particular mid-infrared shells emission, using 

photometric data from the 2MASS and Spitzer/GLIMPSE surveys. Each candidates OGLE light curves were then visually inspected 

and we selected for spectroscopy follow-up those that underwent large and rapid declines. 

Results. We discover two new R Coronae Borealis stars, but also indicate four new possible candidates. We emphasize that all of 

the 7 known RCB stars located in both the Spitzer/GLIMPSE and OGLE-III fields were also re-discovered, which illustrates the high 

efficiency of our analysis. 

Conclusions. The proposed new technique to find RCB stars has been successful. It can now be extended to larger areas, in particular 

where the interstellar extinction is too high to be monitored by optical microlensing surveys, such as the inner part of the Galactic 

bulge. 

Key words. Stars: carbon - stars: AGB and post-AGB - supergiants 



1. Introduction 

R Coronae Borealis star (RCB) is a rare type of evolved H- 
deficient and carbon-rich supergiant star that is increasingly sus- 
pected to result from the merger of two white dwarfs (one CO- 
and one He-), called the Double Degenerate (DD) scenario. The 
DD model has been strongly supported by two observations: an 
T — I t "^O o ver abundance in se ven H-deficient carbon and cool RCB 
IJ ' stars (IClavton et al.ll200'7l) . and the large abundances of fluo rine 
.^H ' found in the hotter RCB atmospheres ("Pande v et al.ll2008h . In 
S^ this scenario, observations of RCB stars would not only help us 
5— I to constrain simulations of low mass Double Degenerate merg- 
. 5^ , ing events (.Frver & Diehll l2008t iDiehl et al.1 [2008 ). but RCB 
birthrates would also help us to constrain the rate of white dwarf 
mergers that could become, at highe r mass, s upernovae type la 
progenitors ( Webbink 1984; Belczvnski et al.ll2005) . 

R CrB is the prototype RCB star. Over the past ~200 years, 
it has displayed unpredictably fast declines in brightness, up to 9 
magnitudes in the visible. These declines are the main signature 
of RCB type stars. They are caused by newly formed dust clouds 
that shadow their central stars. These clouds, consisting of amor- 
phous carbon, are understood to be formed near the stellar atmo- 
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sphere and accelerated away by radiation pressure. A det ailed 
review of RCB characteristics was given bv lClavtonI (Il996l) . 

RCB stars in the Large Magellanic Cloud are distributed 
mos tly along the bar (.Alcock et al...2001t iTisserand et alj|2009t 
Sos zyiiski et al.1 l2009l) . Reciprocally, the majority of Galactic 
RCB stars seem to be concentrated in the bulge. Indeed, a high 
number of RCB stars (13) have been found inside the Galactic 
bulge ( Tisserand et al.l 12008) with the surprising peculiarity of 
being distributed in a thin disk structure. These new discoveries 
indicate that the density of these rare stars is expected to be high 
at low Galactic latitude (more than 1 per deg^ at |b|<l deg). 

It is necessary to increase the number of known bulge RCB 
stars to understand their spatial distribution and therefore con- 
strain their age and past evolution. However this research is dif- 
ficult in this particular area of the sky because of the high inter- 
stellar extinction and the very high density of stars. We note that 
with an RCB phase lifetime of about 10^ years, as predicted by 
theoretical evolution models (Saio & JefFery 2002), and an esti- 
mated He-CO white d warfs merger birthrate between ~ 10~^ an d 
~ 5 X 10"^^ per year (JNele mans et"d]l200lt iRuiter et alJl2009l) . 
we can expect between 100 and 500 RCB star s to exist in our 
Galaxy. We actually know about 50 of them (see lTisserand et aP 
(2008 ), and references therein), which is only a factor of two 
more than the Magellanic Clouds, where 23 R CBs are known 
(lAIcock et al.ll200lUTisserand et alJl2004l2009l) . 
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In this article, we present a new method to search for RCB 
stars at low Galactic latitude in the OGLE-III fields. This anal- 
ysis uses pragmatic criteria and should be considered as a 
test before extending an RCB search to the entire bulge area. 
We used the RCB st ars peculiar circumstellar shell emission 
dTisserand et al.ll2009l) to reduce the number of preselected can- 
didates for further study, instead of highly time-consuming clas- 
sical methods based on optical light curve analysis. Thanks 
to the publically available mid-infrared Spitzer/GLIMPSE and 
near-infrared 2MASS databases, only a few hundred objects 
were preselected before visual inspection of their OGLE-II and 
-III light curves. 

This article reports on the analysis and discovery of two new 
RCB stars and four new candidates. The photometric and spec- 
troscopic data used are presented in Sect. [2] and the detection 
techniques in Sect. [3] The general characteristics of the newly 
discovered RCBs are discussed in Sect. ID 



2. Observational data 

Our analysis used photometric data from four different sur- 
veys: 2MASS, Spitzer/GLIMPSE, OGLE-II/III, and EROS-2. 
The last two projects monitored millions of stars distributed over 
about one hundred square degrees in the Magellanic Clouds 
and the Galactic bulge to search primarily for microlensing 
events produced by potentia l dark matter candidates in the halo 
dTisserand et al.lf2007t IWvrz vkowski et al. 200 ^) or to ordinary 
stars in the Galactic plane (iSumi et al.ii2006i; iHamadache et al.l 
|2006|) . The OGLE (Optical Gravitational Lensing Experiment) 
survey has known multiple phases. In this article, we used data 
from the second , OGLE-II ( ^S zvmanskL2005.) . and third gener- 
ation OGLE-III (lUdalski||2003|). OGLE-III started in June 2001 
and continued observing until May 2009, when it was upgraded 
to OGLE-IV. It used the 1.3-m Warsaw telescope located at 
Las Campanas Observatory, Chile, and a 35x35.5 arc-minute 
field of view camera that used eight SITe 2048x4096 CCD de- 
tectors with 15 fim pixels resulting in a 0.26 arc-seconds/pixel 
scale. The OGLE observations were taken mostly in I band, but 
with occasional V band exposures. The EROS-2 (Experience de 
Recherche d'Objets Sombres) experiment performed observa- 
tions between July 1996 and February 2003 using the 1 -metre 
MARLY telescope at ESO La Silla Observatory, Chile. Two 
wide-field cameras of -0.95 deg- field of view were operated 
and placed behind a dichroic cube, which split the light beam 
into two broad passbands (Bg and Rg). Each camera had a mo- 
saic of eight 2048 x 2048 CCDs with a pixel size of 0.6" on the 
sky. 

The near- and mid- infrared ph otometric data were ob- 
tained, respectively, from the 2MASS dSkrutskie et al.l200 6l) and 
Spitzer/GLIMPSE dChurchwell et all l2009l) surveys. 2MASS 
used two highly-automated 1.3-m telescopes, one at Mt. 
Hopkins, AZ, and one at CTIO, Chile. Each telescope was 
equipped with a three-channel camera, each channel consisting 
of a 256x256 array of HgCdTe detectors, capable of observing 
the sky simultaneously at J (1.25 microns), H (1.65 microns), 
and K (2.17 microns). GLIMPSE consists of three separate sur- 
veys that observed the Galactic disk and bulge (|b| <4.5 deg) at 
wavelengths 3. 6, 4.5, 5.8, and 8. fim using the Infrared Array 
Camera IRAC dFazio et al.ll2004l) on board of the Spitzer satel- 
Hte. 



l2007h attached to the ANIJ[32.3 m diameter telescope at Siding 
Spring Observatory. WiFes is an integral field spectrograph per- 
manently mounted at the Nasmyth A focus. It provides a 25 x 38 
arcsec field with 0.5 arcsec sampling along each of twenty five 
38 X 1 arcsec slitlets. The visible wavelength interval is divided 
by a dichroic at around 600 nm feeds two essentially similar 
spectrographs. Observations are presented, with a 2-pixel reso- 
lution of 2 A. 

3. Search of Galactic bulge RCB stars 

We used a new method to identify RCB stars. This method 
is ba sed on the p articular RGB's circumstellar shell brigth- 
ness. iTisserand et al. (2009, Fig.4) illustrated that on average 
Magellanic RCB shells are fainter at 8 //m than those of most 
common AGB stars, but also cooler than those of classical car- 
bon stars. This can be explained by the highly non-spherical 
dust distribution around RCB stars as their dust shell is formed 
from the ejection of dust cl ouds in ra ndom directions (Clay t onl 
ri996l:lde Lavernv & Mekam ia 2004; Wood & Nichollsl2009l) . A 
selection of RCB candidates based on their mid-infrared magni- 
tudes and colours should therefore greatly simplify the search for 
RCB stars as the number of objects selected for further follow- 
up drops dramatically. Effectively, classical methods are based 
mainly on optical light curve analyses dedicated to identify ran- 
dom fast decreases in brightness. These methods are highly time- 
consuming as RCB have to be searched for among millions of 
light curves. Furthermore, the mid-infrared method is less bi- 
ased: inactive RCB stars can now be found, as well as very active 
ones that remain fainter in the optical. 

Our search of bulge RCB stars was performed in four con- 
secutive steps. The details and complications of the selection cri- 
teria are described below. First, we selected candidates based 
on broadband mid-infrared magnitudes and colours using the 
Spitz er GLIMPSE catalogues (II and III) dChurchwell et al.1 
'2009'). Second, we rejected all objects not showing a near- 
infrared excess in the 2MASS catalogue. Third, we examined 
at the optical light curves of all remaining objects with a coun- 
terpart in the OGLE-II and -III catalogues and selected those ob- 
jects that exhibit suspicious rapid declines in brightness. Finally, 
we followed up spectroscopically most of the selected objects. 

We note also that we observed spectroscopically a number 
of optically bright objects selected on the basis only of the two 
infrared criteria but located outside the OGLE-III fields. A few 
of them have an atmosphere rich in carbon and are therefore now 
considered as RCB star candidates. Additional explanations are 
given in Sect. 13.31 



3. 1 . Selection from near-infrared and mid-infrared properties 

The Spitzer GLIMPSE surveys observed th e Galactic bulge 
and p lane, and catalogued millions of objects dChurchwell et al.l 
I2009h . The published archive catalogues contain four mid- 
infrared broadband magnitudes centred on 3.6, 4.5, 5.8, and 8.0 
fim, obtained with the Spitzer IRAC camera. Despite the short 
exposure time used (1.2 s), we estimated that bulge RCB stars 
should be saturated in the first two bands and be at the limit of 
saturation in the last twcQ- We therefore only used the broad- 
band magnitudes [5.8] and [8.0] to select RCB star candidates. 
In Table |5] we list the mid-infrared magnitudes of the known 



Spectroscopy of RCB candidates was perfor med with the 
Wide Field Spectrograph (WiFeS) instrument (IDopita et al.l 



' Australian National University 
2 Saturatior i limit : [3.6]jn, ~ 7.0 ; [4.5],, 
[8.0]j„, ~ 4.0 JRobitaille et"aDl2007h 



6.5 ; [5.8],„, ~ 4.0 
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Table 1: Numbers of objects preselected. 



Criteria : 



total 



Entire GLIMPSE-II 
Entire GLIMPSE-III 
Located in an OGLE-III fields 
Catalogued by OGLE-III 
Number of Known RCB found 
Number of new RCB found 



772 


136 


1072 


1980 


625 


204 


299 


1128 


154 


26 


91 


271 


150 


26 


90 


266 


5 


1 


1 


7 


3 








3 



Table 2: 
fields. 



Known Galactic RCB stars located in the OGLE-III 



RCB name 



OGLE-III id. 



located in a 
GLIMPSE field ? 



EROS2-CG-RCB-1 


BLG195.5.23 


yes 


EROS2-CG-RCB-3 


BLGI82.I.96290 


yes 


EROS2-CG-RCB-5 


BLG138.1. 130117 


yes 


EROS2-CG-RCB-10 


BLG345.6. 159428 


yes 


EROS2-CG-RCB-1I 


BLG343.6. 122070 


yes 


EROS2-CG-RCB-13 


BLG224.3.130650 


yes 


EROS2-CG-RCB-14 


BLG228.2.23975 


no 


MACHO- 135.27 132.51 


BLG213.4. 129296 


no 


MACHO-401.48170.2237 


BLG214.2.215079 


yes 


V517 0ph 


X 


no 


V 1783 Sgr 


BLG160.8.4580 


no 


V 739 Sgr 


BLG193.1. 103298 


no 


V 3795 Sgr 


BLG252.6. 166190 


no 


VZ Sgr 


X 


no 


GUSgr 


BLG275.2.39337 


no 



Not catalogued as too bright on template image. 



bulge RCB stars found in the GLIMPSE archive catalogues. We 
used these archive catalogues because they are more complete 
and therefore optimise our chance of finding RCB stars that 
are even saturated. We note that the saturation level depends on 
the background emission, which experiences strong variation in 
the GLIMPSE fields. We obtained measurements for all the 13 
known bulge RCB stars present in the GLIMPSE fields, but one, 
EROS2-CG-RCB-1, has no measurement in the [8.0] band. It 
is also the closest known RCB to t he Galactic plane, where the 
background emission is higher ( see IChurch well et al.l (l2009l) for 
more explanation). 

We used three different selection criteria to optimise our 
chance of finding bulge RCB stars. Each criterion uses the 
near-infrared 2MASS J, H, and K magnitudes, as well as the 
Spitzer/GLIMPSE [5.8] and [8.0] ones, which are explained 
hereafter. The first criterion is described in more detail as it cor- 
responds to the favourable case where all magnitude measure- 
ments are available. The numbers of selected objects from each 
selection criterion are listed in Table [1] 

- Criterion 1 : Figure [1] left side, presents the colour magni- 
tude diagram (CMD), i.e., plot of absolute magnitude M[5 gj 
versus [5.8] - [8.0], of all objects located in one GLIMPSE- 
III field and presenting non-null values in [5.8] and [8.0] 
magnitudes. The known Galactic bulge and Magellanic 
RCBs are indicated as well as the selection limits and the sat- 
uration level. We selected all objects brighter than M[5 gj < 
-6.5 with a colour index [5.8] - [8.0] redder than 0.3. The 
selection criteria were based on the known Magellanic and 
Galactic bulge RCB magnitudes and colours. We can con- 
clude on the basis of resuls for the Magellanic RCBs that 
most bulge RCBs should not be saturated in the [5.8] band. 
However, as RCBs have a positive [5.8] - [8.0] colour and 



the saturation level in these two bands is identical, we expect 
that some bulge RCBs be saturated in the [8.0] bancQ. This 
last remark is supported by the almost constant [5.8] - [8.0] 
colour observed for the bulge RCBs. Finally, we note that 
there is good overlap between the Magellanic and Galactic 
bulge RCBs, supporting again a bulge location for these last 
ones. 

The two figures on the right side of Fig.[T]present all selected 
objects in the GLIMPSE-III fields after the mid-infrared se- 
lection (top figure) that we have just described and the re- 
maining objects after the near-infrared second selection (bot- 
tom one). This near-infrared selection was designed to se- 
lect all objects displaying a near-infrared excess. The ap- 
plied near-infrared criteria are shown in Fig. |2] on the left 
side. We retained only all objects with measurements in all 
three 2MASS bands that pass the following pragmatic crite- 
ria depending on the GLIMPSE survey analysed, GLIMPSE- 
II (Gil) area being more affected by interstellar extinction 
than GLIMPSE-III (GUI): 

GII:J-H< 1.2{H-K) + QA or H - K > 1.5 (1) 

GUI : J-H < \.2{H -K) + Q.2 or H-K> 1.5 (2) 

We note that this near-infrared selection criteria reject most 
of the classical carbon stars, distributed along the main locus 
of Fig.|2] left side. The right-hand side shows the distribution 
of all remaining stars after both infrared selection criteria in 
a CMD of absolute magnitude Mk vs. K - [5.8]. We inter- 
pret the ~0.8 magnitude difference between Magellanic and 
Galactic bulge RCBs as being caused by the interstellar ex- 
tinction that affects the latter group. 

Interestingly, we emphasize that an overdensity appeared af- 
ter both infrared selections had been applied, in the colour 
magnitude diagram [5.8] vs. [5.8] - [8.0] (Fig.[Tl bottom - 
right) at the expected brightness and temperature of known 
RCB star shells. 

Criterion 2 : The number of RCB stars with no informa- 
tion in the mid-infrared [8.0] band due to saturation, such as 
EROS-2-CG-RCB-1, may be important. This situation may 
be more common closer to the Galactic plane as the back- 
ground emission becomes higher Therefore, for this second 
series of criteria, we kept all objects that have no measure- 
ment in the [8.0] band but a valid one in [5.8], and selected 
all bright objects with M[5 gj < -8.5. We increased the value 
of this last selection level in comparison to the first criterion 
because only really bright RCBs in [5.8] should be saturated 
in the [8.0] band (RCBs [5.8] - [8.0] colour index values 
range between 0.5 and 1.5 (see Fig. [1)). Afterward, we ap- 
plied the same near-infrared selection cuts as presented in 
criterion 1 (see Eqs[T]and|2]i, except that we added an upper 
limit to the K band brightness of Mk < -8. 
Criterion 3 : RCB stars could have been observed by 2MASS 
during an obscured phase caused by dust clouds. Therefore, 
we can expect to find RCB stars with missing information in 
near-infrared but consistent values in the mid-infrared. This 
problem should also be more common at lower latitude as the 
interstellar extinction becomes higher We kept all objects 
with a valid measurement in K, [5.8], and [8.0] but missing 
one in J and/or H. We applied the same mid-infrared selec- 
tion as for criterion 1 and added two further limits related 
to the K band of Mk < -8 and K - [5.8] > 2.0. We note 



^ Note that it should not affect our selection criteria if a [8.0] mea- 
surement exists. 
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Table 6: Magnitudes l,n„x and colours (V-iymax of the new OGLE 
Galactic RGBs at maximum brightness, with derived absolute 
magnitudes My and intrinsec colours (V-I)o after extinction cor- 
rection. 



OGLE RGBs 


(V-I)„,„, 


^ina.\ 


As, 


Vo 


(V-I)o 


Mv 


RCB-1 


3.20 


11.30 


2.96 


10.87 


1.53 


-3.53 


RGB -2 


2.10 


11.50 


3.06 


9.85 


0.22 


-4.55 


Gand-1 


5.20 


14.70 


3.53 


15.57 


3.20 


1.17 


Gand-2 


5.20 


15.20 


3.09 


16.61 


3.46 


2.21 



that with an Mk absolute magnitude of about -6, RGB stars 
are almost always visible in that particular band towards the 
bulge: even in the case of an extreme extinction. Ay ~ 30, 
bulge RGB stars would still have a K magnitude of ~ 1 1 .4 
(Ak~0.1Av). 

Seven previously known RGB stars were in our fields and 
should have been discovered using the selection criteria that 
we have just explained. They were all catalogued by both 
Spitzer/GLIMPSE and OGLE-III surveys and we list them in 
Table|2] We successfully found all of these 7 RGB stars. We note 
that they would all have been considered directly as RGB stars 
because they exhibit sharp declines in their respective OGLE 
light curvq3- 

3.2. OGLE light curves 

Among all selected objects in the GLIMPSE fields, we inspected 
visually the light curves of the ones catalogued in the OGLE-II 
and OGLE-III fields. The overlap between the GLIMPSE area 
and the OGLE-III fields is represented in Fig. |3](Note that the 
area covered by the OGLE-III fields include the OGLE-II ones). 
Of the 271 candidates located in the OGLE-III fields, 266 were 
catalogued. Four of the remaining ones were saturated in the ref- 
erence image and the other one was too fainfl The light curve 
visual inspection left us with no doubt about the RGB nature 
of two objects, named OGLE-GG-RGB-1 and OGLE-GG-RGB- 
2. Their coordinates are presented in Table [3] light curves in 
Fig.|5]and |6l and charts in Fig.]?] OGLE-GG-RGB-1 exhibits six 
consecutive drops from 4 to up to 9 magnitudes in its OGLE-II 
and -III light curves, while OGLE-GG-RGB-2 has multiple rapid 
and spectacular declines, up to 8 mag., immediately followed by 
rapid recoveries. Overall, among the 266 stars, 20 stars were se- 
lected during the visual inspection process : 10 were selected due 
to non-periodic and sudden declines present in their light curves, 
and another 10 were selected because their light curves resem- 
ble RGB star behaviour during a recovery or a bright phase. We 
foUowed-up these 20 stars spectroscopically. 

3.3. Spectra 

If a well-sampled light curve is available, identification with the 
RGB class can be made with fairly high confidence because of 
the distinct nature of the RGB brightness drops (fast and up to 



The OGLE-III light curves of all known RGB stars are available at 
the following URL : http://ogle.astrouw.edu.pl/ogle3/rcom/rcom.html . 
This web site present a useful real-time monitoring of known RGBs 
JUdalski 2008) 

' We note that this particular stai' (ra = 18:03:20.368 dec = - 
27:32:24.27) was catalogued in the USNO-Bl.O catalogue in 1982.4 
as a bright star : R2~ 13.68 . 



9 mag.). However, if these declines remain small, spectroscopic 
information is necessary to reveal and confirm their true nature. 

Most of the 20 stars selected for spectroscopy follow-up, 
were found to be either M giant stars exhibiting strong TiO bands 
features in their spectra, or hot stars presenting emission lines 
for half of them. However one star, named hereafter OGLE-GG- 
RGB-1, exhibits strong carbon features in its spectrum and can 
be assumed to be a new confirmed RGB stars. More discussion 
about this star is presented in Sect. |4] Unfortunately, we did not 
obtain spectra for OGLE-GG-RGB-2 and another star consid- 
ered to be a good RGB candidate and named hereafter OGLE- 
GG-RGB-Gand-1 in Table [3] The carbon spectra obtained are 
presented in Fig. ID 

We also decided to target spectroscopically some optically 
bright objects selected by one of the 3 infrared criteria, but lo- 
cated outside the OGLE-III fields, to estimate the efficiency of 
finding RGB stars during a blind survey (i.e without light curves 
being available). Among the 11 randomly selected GLIMPSE 
objects, two display an atmosphere rich in carbon (see Fig. |4| 
and are therefore now considered as RGB star candidates, they 
are named GLIMPSE-RGB-Gand-1 and -2 in Table[3] 

From a simple analysis of the spectra, we can empirically 
compare the different temperatures of the newly confirmed and 
candidate RGB stars, based on the strength of their Ga II triplet 
absorption lines. The intensity of these lines is, as shown by 
Richer ( 1971), a good indicator of carbon star temperature: the 
cooler the temperature, the weaker the lines. The RGB candi- 
date GLIMPSE-RGB-Gand-1 clearly seems to be hotter than 
the other 3 carbon stars observed and the candidate OGLE-GG- 
RGB-Gand-2, the coolest. We also searched for the isotope '^C 
in the atmosphere of the se stars. We used the s pectral atlas of 
carbon stars compiled bv lBarnbaum et all ( Il996h to identify iso- 
topic C2 and GN bands, respectively at 6100 and 6260 A. We 
found no trace of '^C in OGLE-GG-RGB-1 and the two candi- 
dates GLIMPSE-RGB-Gand-1 and -2, but a positive signature 
for OGLE-GG-RGB-Gand-2. Indeed, a bandhead feature due to 
'^CN is recognisable at ~6260 A, even if the signal is low in that 
particular wavelength range. 

4. Discussion about new RCB stars 

The newly confirmed and candidate RGB stars are listed in 
Table[3j and their near- and mid- infrared photometry in Tables|4] 
and |5] Their light curves and charts are presented, respectively, 
in Figs.|5]and |7] We note interestingly that we found an entry for 
most of the known and new RGB stars in the MSX (Midcourse 
Space Experiment) point source catalogue dEgan et a l. 2003b. 
MSX magnitudes are also listed in Table |5] The MSX survey 
has observed the entire Galactic plane, with |b| < 6 deg, in four 
different bands : A (8.26 yum), G (12.12//m), D (14.65 yum), and 
E (21.41 fim). Only objects brighter than A<8 mag were de- 
tected, the A band being the most sensitive. We emphasize that 
MSX magnitudes could help in the future to select new RGB 
candidates. 

In Table |6] we present V and I maximum magnitudes of 
the 4 OGLE RGBs, confirmed and candidates. Those magni- 
tudes were estimated from their respective OGLE-II and -III 
light curves. We applied an interstellar extinction and reddening 
correction to these magnitudes using the same technique applied 
in [Tisserand et al. (2008), where an average extinction AgJ^ was 
calculated using red clump giant stars located around each RGB. 
We therefore obtained the extinction-corrected RGBs magnitude 



Be corresponds to the blue EROS2 filter, see lTisserand et al] l l2007h . 
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M 



[5.8] I 

-10 



^ 
i-*' 




3 4 

[5.8] - [8.0] 




Figure!: Left : CMD absolute magnitude M[5 8] versus [5.8] - [8.0]. For the sake of clarity, the dot points represent only all 
objects catalogued in one 1x2.5 deg^ GLIMPSE area centred on / ~ 0.5, b ~ -3 deg. The known RGB stars are represented 
by larger symbols : blue square s for the Large Magellanic Gloud (lAlcock et al.l 12001 : Tisserand et al. 2 009), green circle for th e 
Small Magellanic Gloud (Tisser and et alJ l2004). and red stars for the Galactic bulge (Zaniewski et al. 2005t msserand et alJl2008h . 
The newly confirmed bulge RGBs are represented by full red triangles and the new candidates by empty red triangles. The RGB 
candidate KDM 5651 (Morgan et al. 2003) is represented by a cross. We used distance moduli of 18.5, 18.9, and 14.4 for the LMG, 
SMG, and Galactic center (GG) respectively. The selection area is delimited by dashed lines and the saturation level by a dotted 
one. Right : Same as left, but the dot points represent all objects selected in the entire GLIMPSE area after the first mid-infrared 
selection (top) and the remaining objects after the second selection on near-infrared excess (bottom). 

Table 3: General information about the newly confirmed and candidate RGB stars. 



RGB name 


OGLE-III 

identifier 


OGLE-II Goordinates (^2000) 
identifier 


Other identifier 


New RGB stars 


OGLE-GG-RGB-1 
OGLE-GG-RGB-2 


BLG333.5. 145097 

BLGIOI.4.230792 
BLG195.1.8088 


BUL.SG43.326584 17:35:18.125 -26:53:49.17 
BUL.SG3.793780 17:53:57.078 -29:31:42.90 


NSV 22773 ; Terz 2637 
IRAS 17321-2652 
IRAS 17507-2931 
ASAS.175357-2931.8 


New RGB star candidates 



OGLE-GG-RGB-Gand- 1 
OGLE-GG-RGB-Gand-2 

GLIMPSE-RGB-Gand-1 
GLIMPSE-RGB-Gand-2 



BLG 194. 1.905 13 
BLG148.5. 148667 
BLG155. 8.10916 



BUL.SG37. 133492 17:52:14.926 -29:38:30.47 
17:51:19.507-32:43:21.44 

17:46:45.916-25:03:14.05 
17:57:49.999-18:25:22.89 



EROS2-cg00341 11292 
EROS2-cg0766kl5255 



Table 4: Near-IR photometry. 



Name 


ID Epoch 2MASS 


■/2MASS 


W2MASS 


-S^2MASS 


ID Epoch DENIS 


/denis 


■/denis 


^DENIS 


New RGB stars 


OGLE-GG-RGB-1 
OGLE-GG-RGB-2 


2450996.6585" 
2451010.6682* 


10.091 
10.453 


9.204 
9.585 


8.484 
9.069 


2451118.578086^ 
nd 


11.627 
nd 


9.723 
nd 


8.028 
nd 


New RGB star candidates 


OGLE-GG-RGB-Gand- 1 
OGLE-GG-RGB-Gand-2 
GLIMPSE-RGB-Gand-1 
GLIMPSE-RGB-Gand-2 


2451010.6575* 
2451040.4809" 
2451825.4976' 
2450978.7733' 


11.372 
13.174 
10.249 
10.837 


9.719 

11.284 

9.319 

9.274 


8.621 
9.743 
8.299 
8.127 


2451404.576447* 
2451299.886319" 
2451101.670528' 
2451764.650718' 


15.238 

nd 

12.539 

13.656 


11.320 

13.404 

10.173 

9.956 


8.453 
9.702 
8.236 
7.689 



• : during a faint phase, O: during a bright phase, V and A: during a dimming or recovering phase, ?: phase unknown. 
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Figure 2: Left: J - H versus H-K colour diagram. The dot points represent all objects selected with the mid-infrared selection 
criteria. All the new and known Magellanic and Galactic bulge RGB stars are represented; their symbols are identical to those in 
Fig. [T] The dotted curve corresponds to the combination of bl ack bodies c onsisting of a 5500 K star and a 1000 K dust shell in 
various proportions ranging from all 'star' to all 'shell' (from lFeasBll997h . The strai ght lines delimit th e near- infrared selection 
area (see Eqs[T]and|2]i. The line on the right side represents the reddening vector of iRieke & Lebofskvl (|l985h. Also shown ar e 
the expected positions (lines in the bottom-left side) of common dwarf (green) and giant (black) stars from'Bessell & Breta (Il988h . 
Right : GMD absolute magnitude Mk versus K - [5.8] of all objects that passed the two infrared selection criteria. 



Vo and colour (V-I)o at maximum brightness. Absolute magni- 
tudes My were calculated using a bulge distance moduli of 14.4 
mag. The values presented in Table|6]can be com pared to the My 
vs. (V- I)o colour magnitude diagram presented in lTisserand et alj 
(l2008l Fig.7): one can see that OGLE-GG-RGB-2 is a rare warm 
RGB star, as warm as W Men in the LMG ; OGLE-GG-RGB-1 
is a more classical RGB with a temperature around T^// ~5000 
K; and OGLE-GG-RGB-Gand-1 and -2 would be extremely cool 
objects in the RGB class. 

We discuss now each new RGB star We note that none of 
them have been catalogued in the MAGHO database, but two, 
candidates OGLE-GG-RGB-Gand-1 and -2, were monitored by 
the EROS -2 survey Q 

- OGLE-GG-RGB-1: OGLE-II and -III light curves show that 
this RGB star has recently experienced a high level of dust 
production activity as many declines from 4 and up to 9 
magnitudes are observable. It was named Terz V 2637 by 
iTerzan & Gossetl ( Il991i) due to a four magnitude variation 
observed in 1987 between two R band epochs separated by 
1 month. We also note that it was catalogued as a possible 
RGB stai- in the AAVSO International Variable Star Index 
dWatson 2006). With its numerous significant and rapid op- 
tical declines, bright shell, carbon spectrum with absence of 
"C in it, OGLE-GG-RGB-1 is clearly a typical RGB star 
with a temperature around Te/f ~5000 K. 

- OGLE-GG-RGB-2 has undergone a 350 days long phase 
where multiple rapid and spectacular declines, up to 8 mag., 
were immediately followed by rapid recoveries. We did not 



obtain any spectrum of this star, but its light curve and in- 
frared emission indicate that OGLE-GG-RGB-2 is an RGB 
star It was bright enough to be monitored by the ASAS-3 
surve>0. We underline that OGLE-GG-RGB-2 exhibits the 
faintest shell of any RGB star Its mid-infrared brightness 
is similar to those of both the warm LMG RG B star W Men 
and the cool LMG RGB candidate KDM-565 1 ( Morgan et al] 
2003). This indicates that OGLE-GG-RGB-2 is in a low 
ejection activity phase. OGLE-GG-RGB-2 is the warmest 
RGB star known in the bulge, with an absolute magnitude 
and intrinsic (V-I)n colour similar to W Men (see Table |6] 
and ' Tisserand eFaLl (l2008l Fig.7)). We note that the tem- 
perat ure of W Men w as estimated at T^jf ~7000 K by 
Gold smith etaP (Il990h . 

RGB candidate OGLE-GG-RGB-Gand-1 exhibits only a 
slow ~1.6 mag decline in its OGLE light curve, with a de- 
cline rate of ~0.006 mag/day followed by a relatively sym- 
metric immediate recover y, resembling those ob served in 
DY Per type of stars (see iTisserand et all (|2009|) for some 
examples). This last remark is also supported by its position 
in the J - H versus H-K colour-colour diagram (Fig. |2]i, 
close to the expected locus of classical carbon stars. However 
we note that OGLE-GG-RGB-Gand-1 was catalogued in the 
USNO-Bl.O catalogue with a faint magni tude of R~19.4 
mag observed in 1986.4 jMonet et al.ll2003l) . which is about 
4 magnitudes fainter than the maximum brightness observed 
by OGLE. Therefore, OGLE-GG-RGB-Gand-1 should still 
be considered as an RGB candidate. Unfortunatly, we did 



' OGLE-GC-RCB-1 and OGLE-GC-RCB-2 were saturated on the ** AS AS: All Sky Automated Survey dPoimanskil ri997h . URL: 
EROS2 reference images. |http://www.astrouw.edu.pl/asas/?page=mainj 
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Table 5: Spitzer/GLIMPSE II and III and MSX magnitudes for bulge RGB stars. 



Name 



[3.6] [4.5] 



Spitzer IRAC bands 
[5.8] 



[8.0] A(8.26/im) C(12.12;um) 



MSX bands 
D (14.65 yum) 



E (21.41 /zm) 



Known RGB stars 



EROS2-CG-RCB-1" 

EROS2-CG-RCB-3 

EROS2-CG-RCB-4 

EROS2-CG-RCB-5 

EROS2-CG-RCB-6 

EROS2-CG-RCB-7 

EROS2-CG-RCB-8" 

EROS2-CG-RCB-9 

EROS2-CG-RCB-10 

EROS2-CG-RCB-11 

EROS2-CG-RCB-13 

EROS2-CG-RCB-14'' 

MACHO-301. 45783.9° 

MACHO-308.38099.66 

MACHO-401.48170.2237" 



5.388' 
6.648' 
6.712" 
6.525' 
7.406' 
7.119' 
7.019' 
6.605' 
5.100' 
7.021' 
6.849' 

nd 

nd 
6.200' 
6.702" 



4.645' 
5.164' 
5.546' 
5.485' 

nd 

nd 
6.310' 
6.109' 
4.594' 
6.030' 
6.122' 

nd 

nd 
5.541' 

nd 



3.765 
4.372 
4.361 
4.780 
5.664 
5.353 
5.281 
4.699 
3.704 
5.385 
4.869 

nd 

nd 
4.847 
4.404 



nd 
3.662 
3.695 
4.185 
4.832 
4.793 
4.519 
3.935 
2.933 
4.670 
4.159 

nd 

nd 
4.217 
3.724 



4.13 
3.40 
4.25 
3.66 
4.34 
4.95 
4.46 
3.90 
2.91 
4.09 
4.31 
3.75 
5.06 
nd 
nd 



3.68 
2.81 
3.66 
3.02 
3.67 
nd 
3.96 
3.15 
2.24 
3.47 
3.57 
3.06 
nd 
nd 
nd 



nd = not detected ; ': probably saturated, measurement can't be trusted. 

" Spitzer magnitudes from GLIMPSE-II- Archive catalogues, instead of GLIMPSE-III-Archive for the others 

° Located outside Spitzer GLIMPSE fields. 



3.44 

2.59 

3.30 

3.02 

3.30 

nd 

3.71 

2.76 

2.04 

3.16 

3.87 

2.98 

nd 

nd 

nd 



nd 
2.33 
nd 
nd 
nd 
nd 
3.69 
nd 
1.62 
nd 
nd 
nd 
nd 
nd 
nd 



Known DYPer type stars 


EROS2-CG-RCB-2" 


8.167 


7.893 


7.667 


7.367 


nd 


nd 


nd 


nd 


New RGB stars 


OGLE-GG-RCB-1 
OGLE-GG-RGB-2" 


6.449' 
7.678" 


5.932" 
6.935" 


4.813 
6.243 


4.116 

5.354 


4.55 
3.94 


3.99 
3.02 


3.73 
3.01 


nd 

2.43 


New RGB star candidates 


OGLE-GG-RGB -Gand- 1 " 
OGLE-GG-RGB-Gand-2 
GLlMPSE-RGB-Gand-1 
GLlMPSE-RGB-Gand-2 


7.602 

7.552" 
6.789" 
6.062" 


6.751 
7.019" 

5.822" 
5.239" 


5.806 
6.293 
5.030 
4.505 


4.887 
5.593 
4.447 
3.890 


4.97 
5.25 
5.05 
3.45 


3.92 
nd 
nd 

2.76 


3.53 

nd 

3.46 

2.68 


2.89 
nd 
nd 
nd 



not obtain any spectrum of that star From its derived intrin- 
sic (V-I)o colour, OGLE-GC-RCB-Cand-1 is a cool RGB star 
candidate. 
- RGB candidate OGLE-GG-RGB-Gand-2 is a special case. 
Indeed, its OGLE-III light curve diplays a slow recovery 
phase with large oscillations following a slow decline that 
lasted more than 2000 days. This slow decline phase is ob- 
servable in the EROS -2 light curve (Fig. |6]). On top of the 
slow decline, one can observe a fast drop of about 2 mag- 
nitudes (around HJD~930) with a decline rate of ~0.026 
mag/day. This uncommon optical behaviour resembles that 
of the RGB starEROS2-LMG-RGB-2 (Tisserand et al. 2009 ) 
where a slow decline and recovery were also observecfl 
We note that OGLE-GG-RGB-Gand-2 seems to be a very 
cool carbon star because its spectrum displays weak Ga 
II triplet absorption lines. This is consistent with its very 
red (V-I)o colour (see Table |6]l. With this (V-I)o colour and 
absolute magnitude My, OGLE-GG-RGB-Gand-2 may in- 
deed correspond to the faintest and coolest RGB star (see 
Ijisserand et al. (2008, Fig. 7)). However, its derived mag- 
nitudes should not be fully trusted as we did not observe 
with certainty its maximum magnitude. The time spent at 
maximum brightness during the OGLE-III and EROS-2 ob- 
servations was short. The low decline rate observed and 
its relatively faint shell imply that OGLE-GG-RGB-Gand- 
2 represents a possible link between RGB stars and DY Per 



' We note that such declines were also observed in the 200 years light 
curve of R GrB. 



type of stars. This last remark is also supported by the non- 
negligable presence of '^C in its atmosphere. 
- RGB candidates GLIMPSE-RGB-Gand-1 and -2 were both 
found by a spectroscopic follow-up of optically bright ob- 
jects (R~14 and ~17, respectively) randomly selected on the 
basis of their near- and mid- infrared emission. There is no 
optical light curve available. Both stars have a carbon-rich 
atmosphere and near- and mid- infrared emissions that are 
typical of RGB stars. We note that we do not detect any 
traces of '^C features in their spectra, and from the strength 
of its Ga II triplet absorption lines, GLIMPSE-RGB-Gand- 
1 is a candidate to be a warm RGB star. For GLIMPSE- 
RGB-Gand-2, we note a difference of ~0.9 and ~0.4 mag 
between the two epochs of Denis and 2MASS in the J and K 
bands, respectively, taken ~786 days apart. This difference 
seems to indicate that GLIMPSE-RGB-Gand-2 was in an ob- 
scured phase during the Denis epoch. Furthermore, we note 
that GLIMPSE-RGB-Gand-2 is clearly a variable star, as it 
appears relatively bright on the USNO SERG photographic 
plate (see its chart, Fig.|7]), and is not visible on the USNO 
POSS I picture. 

5. Summary 

We have tested new RGB selection criteria to reduce the number 
of preselected objects for subsequent visual inspection of OGLE 
light curves prior to spectroscopy follow-up. Thanks to the mid- 
infrared Spitzer/GLIMPSE and near-infrared 2MASS databases, 
we have selected 266 stars located in both the Spitzer/GLIMPSE 
and OGLE-III fields. The analysis has led to the discovery of 2 
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Figure 3: Galactic bulge map with a representation of the area observed by the Spitzer/GLIMPSE survey and the fields monitored 
by the OGLE-III survey. Th e location of the newly confirmed and candidate Galact i c RCB s stars are indicated along with 13 
disco vered inside the bulge b y lTisserand et al j ( 2008h. four repo rted bv lZaniewski et al] ( l2005h . the newly active warm RCB V 2552 
Oph (iHesselbach et al.ll2003h . V 532 Oph dClavton etani2009 ^. and the other previously known RCBs in this region (V1783 Sgr, 
V739 Sgr, V3795 Sgr, VZ Sgr, V517 Oph, Gu Sgr, V348 Sgr, and WX Cra). 



new RCB stars and 4 new candidates. We have demonstrated that 
we do not need to use the laborious and time-consuming tech- 
nique of light curve analysis to find new RCB stars. Furthermore, 
we rediscovered all of the 7 known RCB stars that were located 
in both the Spitzer/GLIMPSE and OGLE-III monitored area. 
This indicates the high efficiency of our analysis. 



This new technique can now be used to find RCB stars in 
areas not monitored optically. RCB star searches can therefore 
be more easily applied to the entire bulge area, even at low 
Galactic latitude where interstellar extinction is high. We tested 
this idea by observing spectroscopically 1 1 optically bright stars 
randomly selected on the basis of their mid- and near- infrared 
emissions and located outside any microlensing survey field. We 
found that 2 stars exhibit signs of an atmosphere rich in carbon, 
which may now both be considered as RCB candidates. We em- 
phasize that our chances of finding classical carbon rich stars 
with our analysis is low as the Galactic bul ge is known to have a 
low density of classical carbon stars, if any dBlanco & McCarthvl 



Il983h . and our near and mid - infrared selection eliminates the 
vast majority of classical carbon stars. 
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Figure 4: Spectra of the new confirmed and candidates RCB 
stars. The flux (Fi) is normahsed to the flux at 8000 A. 
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